Fracture pressure gradient is one of the essential parameters used in determining mud weight profiles during drilling operations. We have determined fracture pressure gradients from well logs obtained from three producing wells in Onshore Niger Delta using an empirical model. Key logs needed for the prediction were conditioned and quality controlled to meet the standard required for reliable results. The true vertical stress, normal compaction trend and compressional shale velocity trends were generated from the logs (density and sonic logs). Poison's ratio was obtained from compressional and shear wave velocities derived from sonic log. Pore pressures in the three wells were then predicted using Eaton's Method. The predicted pore pressures, overburden pressures and poison's ratio were used to determine fracture pressures using Ben Eaton's Model. Results showed that there is a suitable drilling margin at all depths only in well G-005. Drilling well A-001 to a depth of 10962.81 ft and K-001 to a depth of 12626.9 ft will fracture the formations because the fluid pressures at those depths approximate the fracture pressures of 8536.7psi and 9506 psi with corresponding gradients of 0.78 psi/ft and 0.75 psi/ft respectively. The implication is that drilling deeper in the field will results in very low seal capacity magnitudes, thereby presenting a higher risk of top-seal failure.
Introduction
Fracture pressure is the pore pressure which would cause a reservoir to fracture. It is the pressure required to fracture the formation and cause mud loss from wellbore into the induced fracture. Fracture pressure depends on the minimum horizontal stress and is typically 80-95% of the lithostatic stress at a given depth (Yardly and Swarbrick, 2000 ) . Since fracture gradient is the maximum mud weight, it is an important factor for designing a mud weight while planning for drilling as well as during the actual drilling. If mud weight is equal to or above the formation fracture gradient, there will be tensile failure of the wellbore causing losses of drilling mud or even lost circulation (Zhang, 2011) . Fracture pressure can be measured directly from downhole leak-off test (LOT) and can also be predicted from well logs. High formation pressures are always caused by disequilibrium compaction or other fluid expansion mechanisms and may reach a critical value such that if exceeded, may fracture the formation. Overpressure is the pressure which exceeds the pressure of a static column of water or brine (Dickinson, 1983) . It is the result of the inability of formation fluid to escape at a rate which maintains equilibrium with a column of formation water that exists to the surface (Swarbrick and Osborne, 1996) . Overburden stress or lithostatic pressure is the weight of the entire overburden and it increases with depth. The difference between the lithostatic stress and the pore pressure is the effective stress on the formation.
An accurate prediction of the subsurface pore pressures and fracture gradients is a necessary requirement to safely, economically and efficiently drill the wells required to test and produce oil and natural gas reserves (Udo, et al., 2015) . Well control events such as formation fluid kicks, lost circulation, surface blowouts and underground blowouts can be avoided with the use of accurate fracture gradient predictions in the design process (Fooshee, 2000) . Drilling in areas of high pressure such as Niger Delta requires a well plan that involves both pore pressure and fracture gradient predictions. Formation pressures are successfully determined by analysis of relevant data, coupled with compaction, stress and temperature histories. Knowledge of rock types, their distributions and subsurface structure and reservoir connectivity are also relevant information required to determine pore and fracture pressures. Fracture gradients are largely dependent on rock properties where lithology, compaction state and degree of lithification are within the context of local and regional stresses. Attempting to predict pore pressure and fracture gradients away from local well control can pose serious challenges. Hence any approach which can reduce unscheduled downtime is more economical, and more accurate predictions will reduce the likelihood of influxes and mud losses which improve safety of the well operations (Swarbrick and Osborne, 1998).
Location of the study area
The study area is located in the onshore part of the South-South Niger Delta. The Niger Delta is underlain by three stratigraphic units, the deepest Akata Formation, the middle Agbada Formation and the top Benin Formation. The Benin Formation is mainly made up of continental sand deposits with intercalation of shale and is covered with topmost low velocity layer which in most cases is weathered within which surface waves are excited and generated. Immediately below the Benin Formation is the reservoir sand of the Agbada Formation which is believed to house the oil and gas resource of the Niger Delta. The Akata Formation is also believed to be the source rock for the petroleum resource and hydrocarbon reservoirs in deep offshore.
Methodology
The procedure began with generating normal compaction trend, overburden stress and shale velocity (Vp) trend as inputs for pore pressure prediction. Pore pressure was then predicted using the Modified Eaton's method with an exponent of 5. The Eaton's equation used in calculating pore pressure is given by 5 (1)
Where Pp is the pore pressure; Sv is the total vertical stress (overburden or lithostatic pressure); Pn is the normal or hydrostatic pressure; Vp is the observed sonic velocity at any depth; Vpnorm is sonic velocity when pore pressure is normal. The poison ratio, γ was obtained using equation 2 below
Where vp and vs are compressional and shear wave velocities from sonic log. Finally, Fracture pressures at different depths were predicted using the predicted pore pressures and calculated poison ratios. Fracture gradient estimation methods include Hubbert and Willis, Mattew and Kelly, and Ben Eaton. We used Eaton's method to predict the fracture pressure gradient. The equation used is as follows :
Where FG is the fracture pressure gradient in psi/ft, Sv is Overburden stress in psi, Pp is pore pressure in psi, Z is depth in ft, Pp/Z is Pore pressure gradient in psi/ft. and γ is Poisson's ratio. The advantage of the Eaton's Model is that it takes into consideration the effect of different rock types (shale and sand stone) on fracture gradient since the lithology effect is considered in poison ratio calculated from equation 2. The logs and other drilling data were used to generate the overburden and calibrate the wells. The normal compaction trends and other parameters used in calculating pore pressure and fracture pressure gradients were also generated. Prediction points (depths and corresponding shale velocities and other properties) were picked (at areas identified from the log suites as shale zones). Equations 1 and 3 were used to carry out the pore pressure and fracture pressure calculations respectively. These values were then used for the pressure versus depth plots from which the fracture gradients were then estimated.
Results
The NCT, and Vp shale were generated from the logs. The parameters required for the fracture pressure prediction were calculated and tabulated in Tables 1 -3 . 
Discussion
The results obtained showed that the shale at all the well locations possess suitable drilling margins only to certain depths. Drilling margin or drilling window according to Gaarenstroom et al (1993) , is the difference between the formation pressure and the fracture pressure in a formation. By this definition, results of this work showed that the shale in A-001 and K-001 may suffer hydraulic failure if drilled at depths of 1092.81 ft and 1262.9 ft respectively. Hydrocarbon accumulations trapped beneath a seal can be lost through a membrane leakage or hydraulic failure. This occurs when the hydrocarbon buoyancy pressure is higher than the seal's capillary entry pressures.
In well A-001 (figure 1), the rock would be fractured if drilled to depth of 10962.81 ft. The formation pressure at this depth is equal to the fracture pressure making the minimum effective stress to become zero. The implication is that the mud weight required to balance the formation pressure at that depth will fracture the formation and then leads to hydrocarbon leakage.Well G-005 (figure 2) can be drilled up to 16000 ft and beyond without fracturing the rock because the pore pressures do not approximate the fracture pressure at any depth. Drilling well K-001 to a depth of 12626.9ft and beyond will lead to fracturing ( figure 3) . The fluid pressure of 9506 psi at this depth is very close to the fracture pressure leading to a near zero minimum effective stress. While drilling these wells with drilling fluid, after overcoming the mud cake, if the mud weight is transmitted to the rock and it exceeds minimum principal stress and minimum fracture pressure, the formation will fracture and cracks will extend along a direction normal to the minimum principal stress of the formation, resulting in circulation loss. Fluid pressures which are close to the fracture gradient tend to occur where a secondary overpressure mechanism operates.
Conclusion
We have shown that fracture pressure gradients can be determined using well logs instead of direct measurements which are only be possible at permeable beds. We have also assessed the strength of the shale seal at the locations. The depths and the corresponding pressures at which the reservoir would fracture if drilled have been identified in all the wells. This was achieved using the predicted fluid pressures, the generated overburden pressures and poison ratio derived from the compressional and shear wave velocities. Finally, the result of this work has shown that drilling deeper in the studied field will result in seal capacity magnitudes of only a few 100's, thereby increasing the risk of top-seal failure.
